A synthetic approach to malibatol A featuring a novel benzofuran synthesis is described. ABSTRACT A synthetic approach to malibatol A featuring a novel benzofuran synthesis is described.
In 1998, Boyd and co-workers determined the structures of malibatol A (1) and balanocarpol (2). 1 These novel oligostilbenes exhibited cytotoxic activity and HIV-inhibitory activity.
2 No approaches to the synthesis of 1 or 2 have been reported. As part of a program to study terpene-based antiviral agents, 3 we developed a direct approach to these compounds.
Our synthetic route began with iodo aldehyde 3, which had been prepared by Lock from 3-hydroxybenzaldehyde in one step. 4 Protection of the aldehyde as the acetal with trimethylorthoformate and PTSA in methanol followed by alkylation of the phenol with potassium carbonate and bromo ketone 4 in boiling acetone afforded ketone 5 in quantitative yield.
Halogen-metal exchange using alkyllithium reagents can be faster than reaction with a carbonyl group. 5, 6 We reacted iodo ketone 5 with 3 equiv of methyllithium at -78°C and then treated the resulting compound with PTSA at ambient temperature. This two-step sequence produced benzofuran carboxaldehyde 6 in 75% yield from 5. To the best of our knowledge, this is the first time this protocol has been applied to the synthesis of benzofurans. Treatment of aldehyde 6 with dimethyl(p-methoxybenzyl)-sulfonium chloride 8 and potassium tert-butoxide in THF at 25°C gave a 92% yield of epoxide 7 as a single isomer as evidenced by proton NMR. The small coupling constant of the hydrogens attached to the epoxide ring (1.8 Hz) supports the assigned structure. The epoxide reacted rapidly with stannic chloride at -78°C to give a single compound 8 in 76% yield. 9 The coupling constant between the two methine protons in 8 was 2.7 Hz, compared to 2.5 Hz in malibatol. Two-dimensional NMR analysis supported a trans relationship between the methine proton and the hydroxyl group. 10 We expected that the para-methoxyphenyl group would direct the epoxide opening. However, we could not rule out the isomeric alcohol 9. Oxidation of the alcohol with the Dess-Martin periodinane reagent gave a ketone that we assigned as 10 on the basis of the deshielding of the hydrogen at C-5 of the benzofuran. The chemical shifts of the hydrogens on the para-methoxyphenyl group were not deshielded after the oxidation. Moreover, the mass spectra did not exhibit fragmentations that one would expect for alcohol 9 (M + -137) or the ketone derived from oxidation of 9 (M + -135). Reduction of ketone 10 with either sodium borohydride in methanol or DIBAL in THF provided only alcohol 8. The tetracyclic ring system in 10 is flat with the p-methoxyphenyl group approximately perpendicular to the ring system. Hydride attack opposite to the p-methoxyphenyl group would explain the production of 8.
This concise synthetic route features a novel construction of a benzofuran ring and an efficient generation of a sevenmembered ring by regioselective epoxide opening. This route should enable us to construct malibatol A as well as several analogues.
